The paper aims to prove the link between human capital and gross added value in bioeconomy sectors in the EU countries. Data from EUROSTAT data base regarding employment and gross added value in 6 bioeconomy sectors were used in a cross-country regression analysis. The econometric analysis of cross-country data shows a positive correlation between human capital in bioeconomy sectors and their gross output in 2015 in 26 European countries. It is found also that the correlation is stronger in the highly developed economies as in the central-eastern countries, as well as in the European economy.
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value in the bioeconomy sectors in the UE country level. The paper is constructed by the following manner: in the starting part of the article the introduction represents a veritable caveat regarding the asessment of human capital importance and it"s impact upon bio economy; in the second section we have enacted the literature review, within a veritable quid pro quo between human capital and bioeconomy; the third section represents the author"s contribution throughout highlighting the nexus or connection between human capital and gross added value, especially throughut modelling the correlation between these two variables in the UE member states. In the final part of the article we present the concluding remarks of the empirical study with the presumed scientific impact upon the relevant literature in this field, meanwhile the apendix will reveal some important features for the fulfillment of the econometrical tests within additional tehnical specification.
Literature review

Human capital
Moses Abramovitz (1956) notices and describes an existing gap regarding the capacity of traditional production factors to lead the complete economic growth, fact which points out to the aim of existing knowledge, skills and personal abilities in the labor market. Therefore, Mincer (1958) considers that the accumulation of knowledge and experiences through education will lead in future to greater benefits. A recent study about sustained economic growth in China shows that educational politics and the quality of education act had beneficial effects on national labor market and will maintain the economic growth in the next 20 years (Li et. al., 2017 ). This fact is also noted in other studies referring to the aim of education in development and economic growth (Lafuente & Rabetino, 2011; Neagu, 2012 ; Pribac & Anghelina, 2015; Massingham and Tam, 2015) . Together with education, Schultz (1961) appreciates that medical status has an important role in economic development. Policies to reduce malnutrition and the findings of new methods on prevention, diagnostics and therapies, had determined the life quality improvement and the mortality decrease, which led to increased work productivity (Goldin, 2016) . Because of the augment of social protection systems and medical services, appeared modifications in the structure of population. In member states of European Union it can be notice the increased life expectancy and the decrease of natality, reality which from the human capital perspective has to be looked as an accumulation of human capital with knowledge and rich experience, useful to create economic value (Goldin, 2016 ). Schultz"s outlook is developed by Becker (1975) who considers that all cost made for the development and protection of human capital represents" investments from which future benefits will be earned. This concept is also sustained by Kucharčíková & Mičiak (2017) , which highlight the fact that the value of an enterprise is given by the investments in human capital, regarded as an intangible and untraded asset, a "shadow" asset which "should be treated as part of a person"s endowed wealth" (Chen et. al., 2006 , pp.104).
Bioeconomy
Bioeconomy appears as a form of maintaining the durable economic development in the context of limited quantitative and qualitative resources, changes of the climate conditions and environmental degradation. Concrete, through bioeconomy is understood the efficient and effective usage of natural resources (European Commission, 2012; Scarlat et. al, 2015), which according to Mazza & ten Brink (2012) are economic assets crucial for the economic growth process. The objective of bioeconomy is to promote the usage of renewal biologic resources and alternative sources of energy as inputs in technological processes (Pfau, et. al., 2014; Kleinschmit et. al., 2014; Bugge et. al., 2016) . In this purpose, bioeconomy is interconnected with green economy to conserve the environment, and also with circular economy to reduce the scraps and wastes from economic processes (Ollikainen, 2014; Szekacs, 2017) . Even if these three domains take action on three different directions, the final aim of these is environmental protection and socioeconomic development (D"Amato et. al., 2017). Although bioeconomy is the oldest branch of economy, the importance given to this significantly rise after 2000, at the moment being a new standard in sustainable development (Ipate et. al., 2015) due to promotion of sustainable use of existing resources (Schimd, Padel & Levidow, 2012) . European Commission (2012), in the official document of Innovating for Sustainable Growth: a Bioeconomy for Europe establishes the strategy to promote bioeconomy in the community, the main directions being: food security, natural resources sustainability, diminishing climate changes, maintaining competitiveness and creating jobs. McCormick & Kautto (2013) draw the attention on the necessity of a sustained common effort from government, industrial sector and population to ensure the success of this step. A study made in 2014 analyses the progress of bioeconomy in European Union and the impact of socio -economic, legislative, technological and marketing impact. In 2010), bioeconomy gives a safety degree due to protection and efficient use of resources, and thanks to the development of new forms of economic activities, this determines a growth of added value and contributes to income redistribution. On the other hand, has to be given attention to the risk that may come and also to the ethical problems implied (Hilgartner, 2007; IRGC, 2008) . Ronzon et. al. (2017) proposes the quantification of bioeconomy in European Union starting from the turnover value and the number of employees in this sector. The empirical results show up that the largest share of bioeconomy sectors are productive, the greatest success being recorded into agricultural sector and food, drinks and tobacco industry. It had been recorded similarities and differences between countries, useful to build and develop new strategies to promote bioeconomy on a country level. By developing new processes and products, bioeconomy is an innovative field which ensures sustainable development and produces socio -economic added value. To accomplish these aims, it is necessary a multidisciplinary approach which reunify the domains of economics, technical and technological, biological, social and human capital development throughout acquiring the adequate competencies that can satisfy the requirements existing on the labor market.
Metodology and empirical data
The paper used data extracted from Eurostat for the 28 EU Member States in 2015. Within the analysis, 26 EU countries are considered; Luxembourg and Malta were excluded due to the lack of data. We considered the number of employees (thousand) in the bioeconomy sectors as a proxy variable for human capital. The dependent variable is the gross added value (GVA), measured in million Eur. (current prices) created in 6 bioeconomy sectors: Agriculture, Forestry, Fishing and aquaculture, Manufacture of food, beverages and tobaco, Manufacture of wood and Manufacture of paper. We estimate the dependency between GAV and EMPL through the following regression equation: where: i denotes the country, s denotes the sector and is u is the error term.
 denotes the unobservable country specific effect and is v is the disturbance related to differences between bioeconomy sectors within countries. We assume that there are two possible econometric models: (1) fixed effect model (FE) -where the variation across countries can be correlated with the independent variable (employment) and the effects of bioeconomy sectors are not taken into consideration and (2) random effects model (RE) -where the variation across countries is random and uncorrelated with the independent variable (see Hsiao, 2002) .
We chose the appropriate model by using the Hausman test (see Clark and Linzer, 2012) :
H denotes the chi-square distribution with degree of freedom equals to the number of regressors in the model. In the case of no correlation between independent variable and country effects, the estimates of  in fixed effects model ( FE ˆ) should be similar to the estimation of  in random effects model ( RE ˆ). The null hypothesis presumes that the random effects model is appropriate. When p is less than 0.05 (the conventional level of significance), the null hypothesis is rejected in the favour of the fixed effects model. In the opposite case, when the Hausman test does not indicate a significant difference (p>0.05), the null hypothesis is accepted meaning that the random effects model is appropriate (see Clark and Linzer, 2012) . In order to carry out the econometric analysis the STATA 13.1 software was used.
Empirical results
The results of the estimation of equation 1 in the two models (fixed -effects and random -effects) are exposed in Table 1 . 
Source: authors' computation using STATA 13.1 software.
We use the Hausman test in order to select the apropriate model (Table 2) . Due to the fact that the value of Probchi2 is 0.2408 higher than 0.05 (the significance level) the Ho hypothesis is accepted and the random -effects (RE) model is selected (Table 1) . According to the data displayed in Table 1 In this equation the value of P for the constant term (1890.052) is 0.01 < 0.05. For the coefficient of the variable Empl, the value of P is 0.000 < 0.05. The model can be statistically validated, as a whole, a for a significance threshold of 5%, due to the fact that Prob is 0.000 < 0.05 (Table 1) . The estimated robust standard errors are reported in the Table 3 . Due to the fact that Prob and P are lower than 0.05 the model can be validated. We notice also, that the estimates of coefficients and errors in Table 3 are the same as those produced by the command xtreg re. Neagu, O., Dumiter, F., Braica, A., Jimon, Ş., David, G. (2019 
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After running the tests of heteroskedasticity across panels, autocorrelation within panels and correlation across panel by using the command xtgls in Stata (with the options: panels (hetero), panels (correlated), panels (hetero) corr, panels (hetero) corr (ar1), panels (hetero) corr (psar1),panels (iid) corr (psar1)) we noticed that (see Apendix): -in all cases the value of Prob was lower than 0.05; -the variance of each of the panels differs, the presence of heteroskedasticity being identified; -the correlation parameter is unique for each panel; -there is no correlation across panels; -the errors within panels are independent; -in each panel the AR1 process is similar. (1) = 67.64 corr(u_i, X) = 0 (assumed) Prob > chi2 = 0.0000 theta = .3207439 
Source: authors' own computation using STATA 13.1 software.
According to the above analysis, the active human capital in the bioeconomy sectors expressed by the number of employees has a positive statistically validated influence on the gross output of these sectors in 26 European economies. When the number of employees increases with one unit, the increase of GVA is of 15.27935 units. Presuming that there are significant differences between western and easterncentral European economies affecting the analysis, we run the regression equation Neagu, O., Dumiter, F., Braica, A., Jimon, Ş., David, G. (2019) 
The correlation between human capital and gross added value in the bioeconomy sectors at the European Union (EU) country level
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1 by spliting in two the 26 economies: the group of 15 high developed economies (Belgium, Cyprus, Germany, Italy, France, Spain, Greece, Netherland, Denmark, Finland, Austria, Portugal, Ireland, Sweden, United Kingdom) and the group of 11 developing countries (Bulgaria, Croatia, Czech Republic, Estonia, Lithuania, Latvia, Hungary, Poland, Slovenia, Slovakia, Romania). Through running the Hausman test, we choose the random effects model for the group of western countries and the fixed effects model for the eastern -central European countries. Table 4 reports the estimations of equation 1 for the two groups of countries. Due to the fact that Prob and P are lower than 0.05 the model can be validated. We notice also, that the estimates of coefficients and errors in Table 3 are the same as those produced by the command xtreg re. After running the tests of heteroskedasticity across panels, autocorrelation within panels and correlation across panel by using the command xtgls in Stata (with the options: panels (hetero), panels (correlated), panels (hetero) corr, panels (hetero) corr (ar1), panels (hetero) corr (psar1),panels (iid) corr (psar1)) we noticed that (see Apendix): -in all cases the value of Prob was lower than 0.05; -the variance of each of the panels differs, the presence of heteroskedasticity being identified; -the correlation parameter is unique for each panel; -there is no correlation across panels; -the errors within panels are independent; -in each panel the AR1 process is similar. According to the above analysis, the active human capital in the bioeconomy sectors expressed by the number of employees has a positive statistically validated influence on the gross output of these sectors in 26 European economies. When the number of employees increases with one unit, the increase of GVA is of 15.27935 units. Presuming that there are significant differences between western and easterncentral European economies affecting the analysis, we run the regression equation 1 by spliting in two the 26 economies: the group of 15 high developed economies (Belgium, Cyprus, Germany, Italy, France, Spain, Greece, Netherland, Denmark, Finland, Austria, Portugal, Ireland, Sweden, United Kingdom) and the group of 11 developing countries (Bulgaria, Croatia, Czech Republic, Estonia, Lithuania, Latvia, Hungary, Poland, Slovenia, Slovakia, Romania). Through running the Hausman test, we choose the random effects model for the group of western countries and the fixed effects model for the eastern -central European countries. Table 4 reports the estimations of equation 1 for the two groups of countries. Neagu, O., Dumiter, F., Braica, A., Jimon, Ş., David, G. (2019 We estimate the standard robust errors in both cases ( Table 4 ) and notice that the estimates of coefficients and errors are the same as those initially estimated ( Table  3 ). The FE model is validated in all its components due to the fact that p -values for constant and Empl are lower than 0.05 as well as the value of Prob. The RE model can be statistically validated as a whole and we notice that the constant is not significant (the p -value for constant is higher than 0.05). (1) = 339.07 corr(u_i, X) = 0 (assumed) Prob > chi2 = 0.0000 
(fraction of variance due to u_i) ----------------------------------------------------------------------------------
Developing
The results of all tests run for the RE model are reported in the section B of the Appendix. They are similar to those obtained for the group of 26 European countries (presence of heteroskedasticity, unique correlation parameter for each panel, independent errors within panels, similar AR1 in each panel). By comparing the estimated equations 4, 5 and 6, we notice that the effect of Neagu, O., Dumiter, F., Braica, A., Jimon, Ş., David, G. (2019) The correlation between human capital and gross added value in the bioeconomy sectors at the European Union 
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human capital on the output of bioeconomy sectors is higher in the 15 high developed countries as in the group of 26 as well as in the group of the 11 easterncentral European economies. When the number of employees increases with one unit, the increase in GVA is with 43.708776 units, almost twice than in the whole European economy (25 countries) and of 14.3 times higher than in the European developing economies.
Conclusions
Through an econometrical analysis of cross -country panel data we found a positive correlation between human capital and gross economic output in 6 bioeconomy sectors within 26 European economies. We found also that the correlation between human capital and gross output in the bioeconomy sectors is stronger in the highly developed economies as in the central -eastern countries, as well as in the European economy. Possible explanations of these findings could consist in differences in the quality of human capital (skills, knowledge, health, and working conditions), labour productivity, investment in these sectors, or public policies aiming to stimulate their development. Indeed, based on EUROSTAT data, the labour productivity as gross added value per employee in bioeconomy sectors calculated for 2015 has values in a range from 14.7 thousand Euro to 158.5 thousand Euro in high developed countries (Finland) and from 2,4 thousand Euro to 14.1 thousand Euro in developing countries (Bulgaria), meaning a work efficiency of 5.65 to 11.24 times lower in easterncentral European countries. Further studies are needed to describe and explain these differences and to identify the sources and factors driving the growth of bioeconomy sectors in these countries. Neagu, O., Dumiter, F., Braica, A., Jimon, Ş., David, G. (2019 ----------------------------------------------------------------------------------- 
Correlation accross panels (cross sectional correlation)
. (1) = 640.97 Prob > chi2 = 0.0000 
when the number of panels is greater than or equal to the number of periods, results are based on a generalized inverse of a singular matrix. Note: you estimated at least as many quantities as you have observations. Neagu, O., Dumiter, F., Braica, A., Jimon, Ş., David, G. (2019 
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